Abstract：The effect of fuel mixing on soot structure with methane, ethane, and propane to ethylene-base counterflow diffusion flames has been investigated by measuring the volume fraction, number density, and particle size of soot by adopting the light extinction/scattering techniques. The experimental result showed that the mixing of ethane and propane in ethylene diffusion flame increased soot volume fraction while the mixing of methane decreased. As compare to the ethylene-base flame, the diameters of soot particles for mixture flames are slightly smaller. While the soot number densities for the mixture flames are much higher. Thus, the increase in the soot volume fraction can be attributed to the appreciably increased soot number density by the fuel mixing.
Introduction
Soot particles produced in flames play an important role as a heat radiating medium which can be desirable in improving radiation heat transfer in large scale boilers or furnaces, while soot is one of the dominant air pollutants and soot deposition on piston and/or cylinder of internal engine may cause significant problem. Especially, soot emission from large cargo ship worse than expected, and tugboats puff out more soot for the amount of fuel used than other commercial vessels [1] . Therefore, the effective control of soot emission and formation processes is an interesting subject.
The species generated from fuel pyrolysis lead to incipient ring formation such as benzene (C6H6)and naphthalene (C10H8),which grow to PAHs and finally to soot [2] , [3] . Extensive studies on soot inception and the distribution of soot particle size in laminar diffusion and premixed ethylene flames have been investigated experimentally and numerically [4] - [6] . Especially, fuel mixing and doping experiments have been performed to improve the understanding of fuel structure effect on PAH and soot formation mechanisms in diffusion flames [7] , [8] .
Propargyl plays important roles for both the incipient ring formation through the propargyl recombination reaction [9] and PAH growth through odd-carbon chemistries [10] , [11] .
The synergistic effect has been observed where the mixture fuels produced more PAH and soot than the respective pure fuels, e.g., for the case of propane added to ethylene fuel. This synergistic effect has been explained based on the interaction between acetylene and propargyl species.
Recently, based on the experiment and numerical simulation for the mixing of methane, ethane, and propane to ethylene fuel [12] , the synergistic effect has been attributed to the role of methyl radicals on the formation of incipient rings and 
Experimental setup
A series of experiments on laminar diffusion flames has been performed to identify the effect of fuel mixing on soot formation in a counterflow burner. and the particle stagnation plane [8] .
In the present, we consider the soot formation flame, which is the case when the flame is located on the oxidizer side from the particle stagnation plane. Detailed flow visualization characterizing this type of flame has been reported previously [12] . effects in ethylene-propene flame [13] and ethylene-ethane flame [14] can also be explained based on the role of propargyls for the incipient ring formation of benzene. [15] , [16] . From the quasi-one dimensional characteristics of the counterflow flames, the extinction coefficient Kext can be calculated experimentally by [17] ;
where Wi is the initial laser intensity,
We is the intensity after extinction, i ]is the angular scattering cross section [18] , [19] .
For spherical soot particles which is small compared to the wavelength of light, the volume fraction fv, the average size D63,and the number density N, are determined from Kext and Qvv as [15] ; 3 30
with, for the present experiment using Ar-ion laser of λ= 514.5 nm [15] .
The profiles of the soot number density and soot size obtained from Eqs. (1) - (8) are shown in Fig. 7 and 8 , respectively. Note that the adiabatic flame temperature is lower and the concentration of C2H2 is expected to be lower for the mixture fuels than those for the ethylene-base case. 
